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QE.C LARATFON OF ASFrrittr ^TWTjl , 

Mail Stop AF 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Thi 5 d^ion is to establish M inv^ ^ of ^ ^ ^ 

captioned * ppIication be±orc January u> ^ ^ rf .^^.^ 

Ovation By Low Pressure UV in a Water Diction Device,- an article by Dreschcr 

1. My name is Ashok Gadgil. 

2. I earned degrees in Physics at the Univemty of Bombay (B.Sc. 1971) and the 
Indian Institute of technology at Kanpur (M.Sc. 1973). I then moved t0 the 
United States to complete my education at the University of California at 
Berkeley (MA. 1975, Ph.D. 1979). 

3. From 1980-19*3, I worked at the Lawrence Berkeley National Laboratory 
(LBNL) as a Staff Scientist in the Energy and Environment Technology Division, 
where I created computer programs that were later used worldwide to run 
simulations of solar heat transfer systems. " 

4. From 1983-1988, 1 worked ^ ta^ in Now Delhi> ^ ^ 
electrical power efficiency and conservation. 
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14=5, l 51048G8B5e IN D a D V^ R ONMENT 

A PP ,N «>- : 10/043,647 

Filed * * 

January 10,2002 

5. In I — .o LBNL. where I have been n ^ ^ , _ , . 
Senior Staff Scientist at I.BNL. I have worked significantly to the area of energy 
ef*e,ency, aa a nteana of improving ^ of Iife ta d 

ecuntne, , have aUo beoonte »^ „ g peop|e ftoffl 
pollutants. 

«. lamoneof^narnedtaventore^^^^^^^^^ 
familiar with the prosecution of the application, including the Response to Final 
Office Action accompanying this Declaration. 

7. I am advised tirat cenain pend^ claims of tire above-captioned application have 
been rejwad under 35 U.S.C. 5,02(0, a, being an«oip„e4 by Gadgil e. a. U S 
Parent No. 5,780,860. One of ,h. pending donna has beet, rej ec*d under 35 
U-S.C. 5103(a) an being unpatentable over Gadgil et el., U.S. Patent No 
5,780,860, in view of Koo, e, el, U.S. W No . 6 , 3 3„ 3a ^ ^ 
pending clairea have been rejected under 35 U.S.C. Sm *) „ ^ 
over Oadipl. tel. OtoNUdttaheta^rtaj,,. 

5103(.)aabeit«nn P ^h 1 b 1 eoverQad 6 fle,a,h,view^n,.Ibe ! rta- 1 rtc 1 e 

8. A ^^Edu^ K ^ dras ^ A ^ I ^ iI .^ %to ^ (te 

olaunedmvcn, i o 0 in«reebove^p tt ^d a ppUe MlM ,^ taTOlTOao 
fbr tow-cost uv disinfection ofbousehold tap water. 

9. My co-inventors ^ , tn ^ t ^ m ^ ^ ^ 

WaterHealth fctemational ("WatetHeafta"). Tnis unit fe snbstuntially ittontica, fa 
relevant «pcc« „ tb, UV disinfect disclosed in the above-captioned patent 
application. 

. 10. Exhibit A is a copy of aprons t ^ endued "Development of Compact uv 
Water Disinfection «, Progress R^ort" (the "Progress ^ 
Progress Report was peered by Eduatti*, Kanalceviehta, one of the DmraJ 
mventors of the claimed invention of the abovecaptioned apptieation. The 
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AppI.No. ; 10/043,647 

Flled \ January 10, 2002 

report antedates the publication date of tbe Dreselier articfe 

design for the UV Compact Unit, which is designed to deliver maximum UV 
radtation dosage with substantially uniform UV distribution at maximum w ater 
depth under the worst conditions (for example, 0.3/™ absorption in this case) 
The Progress Report M& a deS£Tiption of a modei fcr 

of UV radiation distribution in water. Calculated results were also tested using a 
prototype of the UV Compact Unit, which included an air suspended UV lamp 
gravity flow through the treatment chamber, and low flow rates suitable for 
treating flow from a household tap. 
12. The Progress Report does not describe a prototype UV Compact Unit having , 
household tap connector. In conceiving the invention and designing the UV 
Compact Unit, we had household use in mind, i. e . f a unit intended for use with 
water from a household tap. The subsequent actual reduction to practice of the 
invention, including the household tap connector, occurred prior to the publican 
date of the Drescher Article. 
13. Actual^o^ ^ corapletedprior to 

the publication date of the Drescher Article. 
t4.Thework^tledtothe^^ 

performed in the United States. 
15. 1 deetae »« .u «™» ^ w™, of w m ^ ^ ^ m 

«he„ xvemvto „exe ^ ^ Wledge ^ ^ ^ ^ 
ft. itke ao made TOpmidjal , te ^ fine „ w ^ ^ ^ 

100! of Title » of the United S»«s Cod. Md ft* „oh wiUfiO. fid* stateraeBB 
tnay jeopardize the validity of the application or patent issuing therefrom 
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Jannaty 10, 2002 

R-espect&lly submitted 


AshokGadgtf 
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Development of Compact UV Water Disinfection Unit, 

Progress Report 

[DATE REDACTED] 
UV Radiation Distribution Calculation 

tS!?T^! f m ^ ** ™»*» ^ UV radiation distribution in water was developed using 
MathCad 7 Professional software package. The model included UV light refraction and rcfleS 
"J**. fOT di ^ rent of incidence and absorption of UV SEZto wat £ 

different extortion coefficients. Calculation results of the model were in good qu^Stiv! 

Ell2r 1,S i See ^ belOW) " S ° me ^ titative differences be^enSSS 
re ^; Can be explained by influence of simplifications assumed in the mode) 

™J£SZ*!£T T*"* - d T 6aSUred variables Moated intensities (mW^j 
eS?Srita£ b * J"' ^ erea ? meas ^ pities were mainly normal to water surface with 
certain contribution of radiation from other directions decided by angular characteristics of UV 

ta£ eS£ P ' * 6r °' f me ^ Cakulations mainly concentrated around two 18W W 
lamp configuration btjcause this would ensure sufficient UV exposure levels at 4 - 5 1/min flow 

0.3/cm ext mctwn coetficteot an optimal depth of a tray should be around 3 - 3 5 cm Assuming 
umform distribution of UV radiation at the bottom of the water tray, L averege J2Z2 

STn^ J ; W5 i Cm2 abSOrpti ° n COefRcjent > 3 cm -ater^™^ 

90 mWs/^r * ^ minimum exposure could be less than 

dLw^, h ° fT? Adynamic cliaracteristics of water flow). The major task is to 
design a system able to delrver maximum UV radiation dose with rather uniform distribution tf 
die maximum water depth under the worst conditions (0.3/cm absorption coefflSt fa 
Main calculation, results arc presented in the Appendix of this report ° emoient m our case ^ 
rSrT^I at t hematiC ! 1 m ° del deve, °P ed * ™ can be used for qualitative analysis of UV 
S^rrf" f0P difTferent absor P tion coefficients. Assuming nniform 

distnbut on of UV radiation at the bottom of 3 cm depth tray, the average minimum exposure in 

90 mWcm2 (o - 3/cm absorp ' on °^ dem ' 5 ^^sss^ 

Current status: The task is completed. 

File names (comments): MathCad 7 files: TR3 (lamp height above water surface h=3 cm for 
different depths, d=2,34 cm), TR4 (lamp height above watefsurface Ji^TSw^S 
d), TR5(lamp height above water surface h=5 cm, for different depths d^TRlS (lamp hS 

a 3cm), TR31(h=3cm, d=lcm), TR32(h-3cm, d=2cm), TR34(h-3cm. d=4cnri TfcWh-Iro, 
d=5cm , TR42 (h=4cm. d=2cm), TR43 (h=4cm, d=2cm TR52 (h-sS 

t 3Cm) J^ U ^ ""^ of *■ «f»S«»» (like absorption coefficient k S can be 
change^ (for ■ of , hese files ^ of lamps J water ^ reS ^chaS) A^3 

* average minimum dose assuming uniform distribution of UV radiation at the bottom of a ua^ 
UV Radiation Distribution Test Results 

nu^HV^r k teSted ^ ™ ex P^^ntaI setup consisting of plastic water tray with 
quarts widows atthe bottom, two 18 W UV lamps each emitting 5.5 W of UV radiation at 254 
SEt* 6 ^ PL " L 18 J PhiUps "long life" germicidal famp), several to ^reflectors of 
different shape and W meter IL-1400A. Absorption coefficient of water was varied by adding 

imhTi? ° f 1 ?? A S ^ ti ° n (SCC S6Ction below >" Distribution of UV radiation at different 
depths was measured for different extinction coefficients, and for different lamp and toy 


1 

1 RCVD AT 5/20/2004 7:01:38 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF.1/0 * DNIS:8729306 * CSID:415 954 4111 * DURATION (mm-ss):07.22 


05/20/04 15:08 FAX 415 954 4111 


KNOBBE MARTENS et al 


SJ017/024 


rffifS; I ? eaStirement fes k ults <** AP^) ^ic«ed that mathematical modeling results 

ar in rath r good agreement with test results, and can be used for qualitative analysis 

A number of measurements were conducted with different shape top iSSKtaSdmia unit', 

I^!?5 * re I CtanguJar 'eflector with slightly rounded corners placed 1 - 2 cm above UV 
PffiA 2? n Whh Watef flow) ' Unfortunately changkg absorption Lffiden^of 

pe^e^^ 

ElT$\ Sk T d 1:h3t P ° SSible 10 reach ^ 8 mW/cm2 UV intensity at the 
Current status: The 1iask is completed. 

S-STIfi" MS 5X061 files: UV NR«A (calculated and measured intensities of UV 
radiahon with and wuhout top reflector- at different water depths for different bZhMta InZ 

me*u^ * calculations and 

rests of p.HydroxjtBenzoh Acid (PhBA), UV Absorbing Additive to Water 

Z° T^Z* " eo ^ ar y. Sorption coefficient of challenge water the FhBA solution was used 
SSSTiSSS? rt*? ? meaSurements we P-P^ - -tial solution b™ Sng25 
solu W10 L^Jo r^ ef TV ° f DI W3ter - 111611 we took different amounts of the initial 
solution (10 ml, 20 ml, 40 ml, 60 ml, 80 ml, 100 ml, and 200 ml) and mixed that with annroxl 
liter of DI water (100 ml and 200 ml of the initial solution was mixed^S *9 0 8 f of A 
water respectively), tois making 7 solutions with PhBA concentrations of 0 25 0 5 f- 5 2 25 

below. Unfortunately the resulting absorption coefficient is changing with time if water E 

o SliTi f PMed ? ^ f ° f " ,Weer time (m ° re ^ 10 rai ™ tes >, *«S UV ablLtion 
of challenge water mast be checked twice in the beginning and at the end of the me^Lmen? 



Absorption coefficient of PhBA 
solution versus PhBA concentration 
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, exposed to UV for a longer time period). * PhBA remams 

Current status: The task i$ completed. 
File names (comments): PhBA (MS Excel file). 

Major Design Features of Compact UV Disinfection Unit 

Mtssns sJwit? &s^« sr-fiSK 

cm). ' (Aut0CAD LT files > ^ aluminum reflector options, all dimensions in 

Hydrodynamlc Test Results of the Initial Prototype 

stainless « ^ nsin7po^kXm«I^C^^H?J^r ! ?' iS "* ""S 
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represent 2LL\LftTS?S£ £ SFlFlSl Of f* IT* 
chamber. Unfortunate;*, manufacturing poof,^ h^^lwf SST 

n**™* ^ ird * ea tDy °- 5 ~ L0 cm )> or inlet assemb y is not prooerlv aliened th* 

of DroDer leveiina r.F i! i Z . exceeoea 8 s > therefore absolute minimum dose in case 

miEt S *• UWt Shom ***** exceed 60 mWs/cm2. If unit levelinc is hnbrooer 

Current status: The tests of the initial prototype are completed 

F.le names (comments): AutoCAD LT files: UVChydrol - UVChydro 10 (test results of the 

^^•Kt^ iasert8) ' ™^™-™<**™^^££ . 

DZ" n tSo^H 0,09lCa, ^ of Compact UV 

Z ?T ^ t3ken < flow »•» was 4 1/min) Af^Wtali 

swttched on and after some time (2-3 minutes for lamps to warm up) waterwas runS 4 iZn 

used membrane filtration method for analysis of water samples. Sampled waters fifterS us^ 

SSoTS T t 45 micrometer filt ^ «M* *en were'placed |J iSFmSSZS 
Endo med,um tor the analysis of total conforms. The results are presented in the SbS 
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! 

Before UV treatment (two 
samples) 

After UV treatment (three 
samples) 

E^coli concentration • per 100 
ml 

(1.35/ 139) *I0 6 

0/0/0 

Average E-coli concentration 
per 100 ml 

1,37*10° 

< 1 


com^^ « log auction of E-coli 

performance should include ^^^tX^tS^l if**" °f 
absorption coefficient, as weU wSiSt toSSSl T ™ff u cball ? n & ^ with different 
new prototype model with rfwL- ^"lity. It would be qurte rational to manufacture 

^XZ^^iX^f^^' 0 * to 1116 design b — *» 


Design Proposals for UV Compact Disinfection Unit 

the unit watertight F-SS of , e,ectr0IUC compartment and the rest of 

List of essential parts for the compact UV disinfection unit- 

• TUV PL-L 1 8W "long life" germicidal lamp (two units)- 

- MagneTek CBL - 21 8/120 ballast (for 120 VAC power Supply). For 12 VDC and 220 VAC 
power ballast is yet to be determined (need to consult MagneTek) 

• GC watertight solenoid valve (the same as for the standard unit) ' 

Z U ^T£ ^??Z^ S *° f ™ C ° mpaCt di ^ction unit should be separated from 
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To Do List 


• Lamp holders: fa the current unit aU lamp holders (BAX TECHNOLOGIES^ are left 

' "bVde^hLT" 511 * (V ° ,tage) deteCt ° r: *° 3,111 test ■ i*. that would be 

shit off vS^t m - Uen ° y CUrrCnt bCtWeen bal,ast and W ,am P" U <* this sensor S 
shut-off valve if lamp is non-operational (no current at all, or starting voltage pulses) 
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UV Compact Disinfection Unit Cost Considerations 

Manufacturing costs c f the compact U V disinfection unit are based on the price list of spare parts 
for the standard unit provided by Penin Manufacturing Co., as well as on preliminary information 
provided by manufacturers of UV lamps (Philips), ballast (MagneTek), valve (GC Valves) and 
universal 12 VDC power supplies. Total labor jcosts for an assembly of a compact unit are 
assumed to be $ [REDACTED] / Unit. 


Fart 

Quantity 

Price of the part per unit 
in the current design, or 
manufacturers 
preliminary price, US $ 
(minimum order if 
available)! 

Expected total cost of 
the parts in the compact 
design, US $ 

* 

TUVFL-18Wlamp, 
Philips 

2 

[COST REDACTED] 

i 

[COST REDACTED] 

CBL- 218/120 ballasi:, 
Magnetek 

1 

[COST REDACTED] 

[COST REDACTED] 

GC solenoid valve 

1 - 

[COST REDACTED] 

[COST REDACTED] 

SSAC delay timer 


[COST REDACTED] 

[COST REDACTED] 

Stainless steel tray 

1 

[COST REDACTED! 

[COST REDACTED] 

Perforated baffle 


[COST REDACTED] 

[COST REDACTED] 

Aluminum reflector, top 


[COST REDACTED] 

[COST REDACTED] 

Fuse holder plus ruse 


[COST REDACTED] 

[COST REDACTED] 

Lamp holder 


[COST REDACTED! 

[COST REDACTED] 

Power chord 


[COST REDACTED] 

[COST REDACTED] 

Manifold Assy 


(COST REDACTED] 

[COST REDACTED] 

Legs 


[COST REDACTED] 

[COST REDACTED] 

Top housing 


[COST REDACTED] 

TCOST REDACTED] 

Bottom housing 


[COST REDACTED] 

[COST REDACTED] 

Misc. mechanic 



[COST REDACTED] 

Misc. electric 


- ""I 1 

[COST REDACTED] 

Labor 


i 

[COST REDACTED] 

Total minimum 



[COST REDACTED] 

Total maximum 


i 

[COST REDACTED] 

12 VDC power supply 

1 

1 

( COST REDACTED] 

Total minimum with 12 
V DC power supply 


I 

[COST REDACTED] 

Total maximum with 12 
V DC power supply 


. . i 
, t 

{COST REDACTED] 


Conclusions: It will be very difficult to manufacture a compact UV disinfection unit for less than 
$ [COST REDACTED] a piece, but at reasonable manufacturing quantities (5000 - 10000 units 
per year) it is possible to reduce the unit cost bellow $ [COST REDACTED]. 12 VDC universal 
power supply amounts, to approx. 20% of overall unit cost. 
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To Do List 


manufa^„g qua ,jw1nheSSS < Sf ? ^ incomplete). Unfortunately poor 

anticipated final desim as DossirXwL * J 5 5 ' P rotot yP e 0* close to the 

needed. Before finalTrofoC bl^flS^*"* bacteriol ^a. performance is 
resolved: P ^ 18 maaufecture <* * flwnlw of problems and tasks have to be 

• Lamp holders: in the current unit all lamp holders (BAX TECHNOT nr»p«' ua m a 
(i.e. aluminum angle is on the left side of the \JL ^HNOLOGffiS) are left srded 
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Appendix 


I. 
2. 
3. 


nXT^u°l il ^ Cad ^ Avera8e minbial dose ofUV "dmtion assuming uniform distribution of UV 
TR33 (Mathcad file). Distribution of UV radiation at 3 cm water depth (absoiption coefficient = 
d t "SJTSf w° 2 ,°^ V lamp8 l0Cated 3 Cm abDVe water surface id separated by ? 0 ™ 
Z™?^L , [REDACTEI)J filc >- CalcuJa «<» measured UV intensities from wo UV 
SeKs ci ^ M 3 ^ (k= °- 25/cm) f ° r diffwent lam » h ^ h * IZ 

4. Calc-Testl (MS Word [REDACTED] file). Calculated and measured UV intensities from two UV 
lamps separated by 9 cm at 3 cm depth (k=0.25/cm) for different lamp heights above s^fSe pTand^ 

5 ' wt TCSt2 ( ^ S i R f? ACTED] Word fiIe )- CaJ ^ted and measured UV intensities from two UV 

SJ^T^y ° m " 3 cm water depth (k=0 ^ 5/cm) for dito ] -p he ^* 

6. Test-CalcS (MS [RSDACTBDJ Word file). Calculated and measured UV intensities from two UV 

SIXES'* ~ ? 3 - dCpth fof di&rent lam P hei 8 ht5 ^ « urface £andl 
cm) and absorption coefficients (0.1 and 0.1 8 per cm) v J 

S^lSf 1 ^ me) ' S*??" 1 and meaSUred W Cities from two UV 
8 rTSSnTf™ 3 Cm w " tar depth (^O^S/cm), lamps are 4 cm above water surface. 
8- Calc-TestS (MS [REDACTED] Word file). Calculated and measured UV intensities from twoirv 

spas* by 12 cm * 1 and 3 ™ water depth (k=o ^ 5/cm - o^cmtnpriTcTi^ 

9 ' JSS &^^ J^^* 18W ,an * s »y '0 ™ at 3 cm water depth 

I pin w 1 ■ ? ^Tr - 1 , 2" StamIoss steel *»y, all dimensions in cm. 
5* SSl2 ,n SKi' T ^ T ° P a,Uminura reflector - a " dimensions in cm (one of the options) 
15. UyChydrolZN (AutoCAD LT file). Minimum transit time through UV exposure dZber at me 
surface and bonom water layers for different inlet assembly locations 

suJS^S LT file). Minimum transit time through UV exposure chamber at the 

surface and bottom water layers for different inlet assembly locations 

UyChydroMN (AutoCAD LT file). Minimum transit time through UV exposure chamber at the 

OVChydro tSN (A.utoCAD LT file). Minimum transit time through UV exposure chamber at the 
^^dbotto« ^^terlayersforproperlyleveledandtihedtraypositions. * 
UVChydroUSN (AutoCAD LT file). Minimum transit time through UV exposure chamber at the 
^SfJ^ l3ym f0r proper, y [eM ^ ^ ^ poTttions. 

UyChydrol7N (AutoCAD LT file). Minimum transit time through UV exposure chamber at the 
surface and bottom water layers for properly leveled and tilted tray positions. ** 

dTen^s B L 0 e^ct CAD ^ ° f C ° mpaCt ^Wlloo unit (proposal). AH 

d^Stetcm 0 ^ LT fl,e> - T ° P ViW ° f C ° mpaCt W dish,fecti - ™* (Proposal,- A., 
SSSfLAS^ LT file> - *" ° f C ° mpaCt W disinfection Owpo-D. All 


16 
17. 
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19. 

20. 
21. 
22. 
23. 
24. 
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